Polarimetric Weather Radar Remote Sensing by Hagen, Martin
Institut für Physik der Atmosphäre
Polarimetric Weather Radar 
Remote Sensing 
Martin Hagen 
Institut für Physik der Atmosphäre, DLR Oberpfaffenhofen
Institut für Physik der Atmosphäre
2Martin Hagen, WFMN09, Chemnitz, 25 - 27 Nov. 2009











Institut für Physik der Atmosphäre
4Martin Hagen, WFMN09, Chemnitz, 25 - 27 Nov. 2009
Weather Radar
Combination of 16 weather 
radars of Deutscher
 Wetterdienst.
Weather radars are well 
suited to locate precipitation.
Meteorologists require more:
how much rainfall?
what kind of 
hydrometeors?
how will the weather be 
in 10 .. 90 minutes?
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Radar Principle
Radar: Radio Detection and Ranging
A weather radar measures the power (and phase) of a transmitted 
electro-magnetic wave packet reflected by a particle:
Radar equation for volume targets:
Particles smaller than the wave length: 
(C-Band 
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Radar constant
Reflectivity 
(sum of the scattering 
cross-sections)
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Radar Reflectivity Factor
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Cloud and precipitation particles have different shapes, phase, size and 
falling behaviour
 scattering properties    Polarization
Precipitation is directly related to 
atmospheric motion.
 Hydrometeors are  
displaces 
 Doppler shift of waves
Polarization and Doppler
Microphysics and Dynamics
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Polarization and Doppler Radar Development
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Weather Radars 
in Europe (2005)
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Polarization Doppler Radar POLDIRAD
1986 installed as the first fully polarimetric weather radar in Europe.
Operations normally for research, not for operational service
www.pa.op.dlr.de/poldirad
Samples of research projects: 

 
Support of hail fighting in the area
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Doppler











(relative motion with speed v) 
example sound:  v = ±20 m/s, f0
 
= 5 kHz, c = 300 m/s
 
=> f = 5 ±
 
0.333 kHz
example radar:  v = ±20 m/s, f0
 




=> f = 5 ±
 
0.000000333 GHz
f = f0f = f0 (1 + v/c) f = f0 (1 - v/c)
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wind constant within 
segment.
Assumption of a constant wind field along a segment of a 
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     u = v
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Dual- Doppler Radar Observations
For research and small-
 scale nowcasting high 
resolution 3-D wind fields 
are required
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Doppler-velocity 




Combination to the 
horizontal wind field
(flow relative to 
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Doppler Wind Field using dual-Doppler and Uniform Wind
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Polarimetric Radar Observations










alternating H and V 
transmit (pulse to pulse), 
simultaneous H and V 
receive
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Polarimetric Radar Observations
Rain         Graupel       Hail
linear circular elliptic
Polarizations




 Reflectivity Z Reflectivity ZDR Ratio LDR
ZHH ZVVZ ZHH ZVH
Correlation coefficient between H and V: ρHV 
Differential propagation phase between H and V: DP
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Falling raindrops (app. 2 –
 
8 m/s) have a 
oblate shape due to aerodynamics.
Observations in a vertical
 pointing wind channel
 (Univ. Mainz), 5 mm drop.
Deq = 2.6 mm 3.4 mm 5.8 mm
Deq = 7.4 mm 8.0 mm
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Rain rate and radar reflectivity






Coefficients a and b depend on
 drop size distribution.
bz a = R



































































R=13.6 mm/h R=13.6 mm/h
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Rain rate and polarimetric radar measurements
Additional information about raindrop
 size distribution by differential reflectivity: 































































R=13.6 mm/h R=13.6 mm/h
ZDR=2.6 dB ZDR=0.3 dB
cb ZDRz a = R





Small errors in polarimetric quantities 
can give large errors in rain rate estimation.
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Thunderstorm line observation 12 Aug. 2004
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Hydrometeor classification 12 Aug. 2004
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Additional parameters like correlation coefficient ρHV (0) and specific 
differential phase KDP .
Decision tree becomes 
difficult to define
„Fuzzi Logic“ 
will be used to
 identify the most
 probable particle
 class.
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Attenuation and Propagation degrades Classification
Attenuation can’t be recognized easily (C-Band)
Frequently observed are negative ZDR values behind reflectivity cores
negative ZDR is not expected in rain 
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Attenuation: Vertical Cross-Section (RHI)
strong attenuation at 3 –
 
4 km 
height (below melting layer), 
high Z and LDR indicate 
presence of hail.
hail spike (flare echo) ????
must be wet melting hail with 
shedding water shell.
unknown particle properties
  no correction possible
reflectivity ZH
differential reflectivity ZDR differential phase phiDP
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Quality index field for polarimetric radar products
Quality control settings for use of 
polarimetric data for rain rate estimation.Reflectivity
bad                                good
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